Background. Outpatient antibiotic prescribing for acute upper respiratory infections (URIs) is a high-priority target for antimicrobial stewardship that has not been described for cancer patients.
Antibiotics are frequently prescribed for upper respiratory tract infections (URIs) despite viral etiologies for the majority of these illnesses [1, 2] . In the United States, the estimated annual rate of outpatient antibiotic prescriptions for acute respiratory conditions is 221 per 1000 people; of these, approximately 50% are considered inappropriate [3] . As such, the Centers for Disease Control and Prevention and other national organizations have highlighted antibiotic use for acute URIs as a key target for antimicrobial stewardship [4] [5] [6] . Most studies that describe antibiotic prescribing for acute URIs have focused on general medical or pediatric populations [3, [7] [8] [9] [10] [11] [12] [13] . Little is known about antibiotic prescribing practices for URIs among ambulatory cancer patients.
As cancer care increasingly shifts from inpatient to outpatient [14] , it is important to understand how antibiotics are being used in the ambulatory setting for common clinical syndromes. Although it is well established that most acute URIs are due to viral causes, diagnostic uncertainty remains an important driver of antibiotic use [15] . Several studies in immunocompetent outpatient populations suggest that molecular respiratory viral diagnostics may help influence appropriate antimicrobial use [16, 17] . Early detection of respiratory viral infections is essential in cancer and hematopoietic cell transplant (HCT) recipients in order to direct antiviral therapy, inform infection control practices, and guide decisions about timing of chemotherapy and transplantation [18] [19] [20] . It is unknown whether respiratory viral diagnostic testing affects antibiotic prescribing practices among hematology-oncology outpatients with acute URIs.
In this study, we evaluated outpatients who sought care for acute URIs at an ambulatory cancer center in order to characterize antibiotic prescribing patterns, the use of respiratory viral diagnostic tests, and clinical outcomes associated with URIs in an immunocompromised population.
METHODS

Study Design
We conducted a retrospective cohort study of outpatients aged ≥18 years who presented for care at the Seattle Cancer Care Alliance (SCCA) with an International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10) code consistent with acute URI or acute bronchitis (Supplementary Methods) from 1 October 2015 to 30 September 2016. Outpatient care at SCCA comprises 1 large ambulatory clinic and 2 off-site satellite clinics. Electronic medical record data including patient demographics, clinical data, antibiotic and antiviral prescriptions, and viral diagnostic testing were obtained. Chart review was conducted to verify the URI diagnosis code and identify the index date of the first clinical encounter for the URI (day 0). Patients without documented active URI symptoms or with evidence of lower respiratory tract infection (LRTI) on day 0 were excluded. For patients with more than 1 URI during the study period, the first episode was selected for analysis. We captured the provider responsible for decision making at day 0 and the patient-reported URI symptom start date, and we classified antibiotic prescriptions in days 0-14 as URI-related or non-URIrelated. Steroid use, other immunosuppressive medications, and chemotherapy were recorded. Clinical outcomes in days 0-14 were collected, including healthcare visits, hospitalizations, and clinical and/or radiographic evidence of LRTI. The Fred Hutch Institutional Review Board approved the study.
Definitions and Laboratory Methods
LRTI was defined by clinical signs or symptoms of respiratory tract infection and pulmonary infiltrate on radiographic imaging compatible with a bacterial or viral pneumonia (eg, consolidation, interstitial infiltrate, or ground-glass opacities). Healthcare visits and hospitalizations were classified as URI-related if URI symptoms were addressed in the encounter, regardless of the primary reason for the encounter. Peak flu season was defined as December through March [21] . Nasal swabs were submitted for respiratory viral testing at the clinicians' discretion. Testing was generally performed using a laboratory-developed multiplex polymerase chain reaction (PCR) test that can detect 12 respiratory viruses [22] [23] [24] . Additional tests, including the Biofire FilmArray Respiratory Panel or Influenza-specific tests (Cepheid Xpert Flu), were also captured. Clostridioides difficile testing was performed using PCR (Xpert C. difficile; Cepheid).
Statistical Analyses
For each patient, the first antibiotic and antiviral prescription indicated for the URI and the first viral diagnostic test in days 0-14 were selected for the main analyses. Poisson generalized estimating equation (GEE) regression models were used to test associations between baseline factors and risk of any antibiotic prescribing for the URI in days 0-14. The Poisson model was chosen to provide relative risk (RR) model estimates [25] , and GEE was used to account for correlation among patients seen by the same provider. Candidate explanatory variables were chosen a priori based on factors previously identified as important in antibiotic prescribing for URIs in general populations [8, 12] and factors specific to our cancer population. We limited candidate variables to ensure a minimum of approximately 10 events per covariate. These variables included viral testing performed on day 0, clinical service, peak flu season, patient age, symptoms at presentation, comorbidities, steroids or other immunosuppressive medications in the 2 weeks before day 0, and chemotherapy in the 30 days before day 0. Symptoms at presentation were defined using the following mutually exclusive categories: fever, no fever with either sputum production or chest congestion, and any other respiratory viral symptom in the absence of fever, sputum production, and chest congestion. We first ran univariable models, then constructed parsimonious multivariable models using the purposeful variable selection approach (Supplementary Methods) [26] . Because viral testing and clinical service were highly related, we considered these variables in separate models.
Poisson regression with robust standard errors was used to compare the binary outcome of any URI-related healthcare visit in days 0-14 between patients with and without an antibiotic prescription on day 0. Patients were considered independent for this outcome. SAS, version 9.4 (SAS Institute, Cary, NC), was used for all analyses.
RESULTS
Cohort Description
Of 341 patients selected for chart review based on ICD-10 diagnosis codes, 90 (26%) were excluded, mostly due to lack of documented URI symptoms at presentation ( Figure 1 ). There were 251 (74%) patients seen by 99 providers eligible for analysis. Baseline characteristics are shown in Table 1 . Most (162 [65%]) patients had a hematological malignancy or disorder; however, of those seen at the satellite clinics, 43 (63%) had a solid tumor malignancy. Cough (154 [61%]) and nasal congestion (113 [45%]) were the most commonly reported presenting symptoms. Approximately one-quarter of patients (65 [26%]) presented for care within 2 days of symptom onset, 80 (32%) within 3-7 days, and 34 (14%) waited longer than 1 week before seeking care; time from symptom onset to day 0 was unknown for 72 (29%) patients.
Antibiotic and Antiviral Prescribing
Of the 251 eligible patients, 81 (32%) were prescribed an antibiotic for URI symptoms, with 52 (64%) prescriptions ordered on day 0, 11 (14%) on days 1-2, and 18 (22%) on days 3-14. Of the 81 patients prescribed an antibiotic, only 7 (9%) received their first prescription on or after a visit for worsening URI symptoms or LRTI, and an additional 5 (6%) patients received antibiotics for presumed bacterial sinusitis. Azithromycin (40 [49%]) and fluoroquinolones (19 [23%] ) were the most commonly prescribed antibiotics ( Supplementary Figure 1 ). Antibiotic prescribing varied by provider ( Figure 2 ). One provider who saw 22 patients with URIs prescribed antibiotics for 17 (77%) of these patients. When patients seen by this provider were excluded, the antibiotic prescribing rate for the entire cohort was 28%. Antibiotic prescribing also varied by clinical service, with the least use among patients managed by the bone marrow transplant (BMT) service (8 [11%] ) and the most use among patients who visited the satellite clinics (33 [49%]) ( Figure 3 ; P = .001).
Twenty-six patients (10%) were prescribed an antiviral, with oseltamivir given in most cases; ribavirin was prescribed to 3 patients. In contrast to antibiotics, antivirals were less likely to be prescribed on day 0 (6 [23%]) but more often prescribed on days 1-2 (16 [62%]), with the remaining 4 (15%) patients being prescribed on days 3-14. Of the 26 patients prescribed an antiviral, 6 were also prescribed an antibiotic: 4 were prescribed both drugs on the same day, and 2 were prescribed antivirals before antibiotics.
Viral Diagnostic Testing
Viral testing was performed among 113 (45%) patients; 110 were tested using the local multiplex PCR test, 2 using the flu-specific test, and 1 using the Biofire FilmArray test. Testing was most frequently done by the BMT teams followed by the hematology service but was rare among solid tumor services and satellite clinics ( Figure 3 ; P < .001). Respiratory viral testing was usually performed on day 0 (97 [86%]). Test results were available on the same day the test was performed for 20% of patients, 1 day later for 79%, and 2 days later in 1 case. Among those tested, 85 (75%) had at least 1 virus detected. Rhinovirus (41%), influenza (15%), and coronavirus (15%) were the most commonly detected viruses ( Figure 4 ).
Patients with a viral test performed on day 0 were less likely to receive an antibiotic prescription in days 0-14 (17 [18%]) compared to those without a viral test on day 0 (64 [42%], P = .01). However, among the subset of 89 patients with a test on day 0 and without antibiotics prescribed before the test results were available, the percentage of patients who received an antibiotic prescription on or after the test result date did not vary by test result (P = .90), as shown in Table 2 . Antivirals were always prescribed following a positive test for influenza and rarely prescribed following a nonflu positive or negative test (P < .001).
Factors Associated With Antibiotic Prescribing
In univariable analysis, viral testing on day 0 was associated with less than half the risk of antibiotic prescribing compared to no testing on day 0 ( Supplementary Figure 2) . Non-BMT clinical service, older age, and sputum production or congestion were associated with an increased risk of antibiotic prescribing for URI. Due to the collinear relationship between viral testing and clinical services, 2 multivariable models for antibiotic use were generated. In the model that included viral testing rather than clinical service as a potential factor, viral testing and symptoms of sputum production or chest congestion remained significantly associated with antibiotic prescribing, with relative risks similar to unadjusted estimates; age was no longer statistically significant ( Figure 5 ). In a separate model including clinical service rather than viral testing as a candidate variable, clinical service and symptoms at presentation remained significantly associated with antibiotic prescribing; age did not reach the threshold for inclusion in this model. Relative risk estimates were similar to unadjusted estimates, though fever reached statistical significance in this model. Table  1 ). Healthcare visits were most common among BMT patients ( Supplementary Figure 3) . Receipt of an antibiotic prescription on day 0 was not associated with risk of a URI-related follow-up visit in days 0-14 in a model adjusted for age, clinical service, comorbidities, immunosuppressive medications in the previous 2 weeks, and chemotherapy in the previous 30 days (RR, 1.0; 95% confidence interval, 0.6, 1.6; P = .89). The shaded area corresponds to the number of patients for whom the provider prescribed antibiotics, and the unshaded area shows the number of patients for whom the provider did not prescribe antibiotics. Among providers seeing 3 or more URI patients, the top 5 prescribers (each prescribed an antibiotic to ≥67% of the patients they saw), included 2 from the satellite clinics, 2 from the hematology service, and 1 from the solid tumor service. 
DISCUSSION
To our knowledge, we are the first to describe antibiotic prescribing patterns for acute URIs in an ambulatory oncology setting. We found that nearly 1 in 3 patients received an antibiotic prescription for a URI diagnosis. Antibiotic prescribing varied substantially by clinical service and was significantly less common among patients in whom multiplex respiratory viral testing was performed, though collinearity between clinical service and viral testing limited our ability to separate these effects on prescribing. Our findings are similar to those reported in a national survey, which estimated that antibiotics are prescribed in 30% of outpatient visits for viral URIs [3] . We included respiratory diagnoses for which antibiotics would generally be considered inappropriate according to national guidelines [6] . Multiplex respiratory viral testing in nearly half of our patients further supports viral etiologies among the majority tested and for which antibiotics are ineffective. Furthermore, we demonstrated in an adjusted analysis that URI-related follow-up visits in the subsequent 2 weeks were not significantly different among patients prescribed antibiotics at the initial encounter compared to those who were not. Serious outcomes related to URIs such as LRTIs and hospitalizations were rare.
We found that antibiotic prescribing was significantly less common for patients who received a respiratory viral test and that viral testing also influenced oseltamivir prescribing. Few studies have evaluated the effect of respiratory viral molecular diagnostic tests on antibiotic prescribing in an outpatient setting. A recent large study of outpatients with acute respiratory infections found that patients with a clinical diagnosis code of influenza had a decreased odds of receiving an antibiotic prescription [12] . However, in that study, only about one-quarter of patients who had research laboratory-confirmed influenza received a clinical diagnosis code for influenza. Antibiotics were prescribed in 29% of patients who had research laboratoryconfirmed influenza, suggesting that improved access to rapid molecular diagnostics may be helpful in reducing antibiotic
prescribing. An open-label, randomized, controlled trial found that access to multiplex respiratory viral PCR reduced antibiotic prescribing at the initial outpatient visit, although this effect was not sustained at the follow-up visit 8 to 12 days later [17] . A retrospective study of patients from a Veterans Administration medical center found fewer antibiotic prescriptions among patients who tested positive for influenza by on-demand Biofire FilmArray Respiratory Panel, but no difference in antibiotic prescribing between patients with a noninfluenza respiratory virus and patients with no respiratory virus detected [16] . Though we observed significantly lower rates of antibiotic prescribing among patients who received respiratory viral testing, antibiotic prescribing did not vary by test result. The small sample size may have limited our ability to detect a difference by test result. As others have described, it is possible that access to viral testing in and of itself along with the prospect of achieving a diagnosis could have influenced prescribing behavior [17] . Viral testing may also fulfill providers' desire to meet perceived patient expectations of an intervention for the management of their URI. The turnaround time (TAT) for test results was about 24 hours; it is unknown whether more rapid TAT, which is available with point-of-care tests, could impact prescribing. Finally, some providers may have prescribed antibiotics despite a positive respiratory virus test due to concern for bacterial coinfection among these vulnerable patient populations.
Because the practice of viral testing was highly correlated with clinical service, it is difficult to know whether the lower rates of antibiotic prescribing among patients who received a viral test were attributable to the testing itself or due to servicespecific cultural differences in provider prescribing behavior. Interestingly, antibiotic prescribing was lowest among BMT patients who are often considered among the highest risk; however, these patients are seen in the clinic more frequently than other hematology-oncology patients, and providers may have felt more comfortable deferring antibiotics due to closer follow-up. The highest rates of antibiotic prescribing were observed at our satellite clinics, which manage a mix of patients with solid tumor and hematologic malignancies. These clinics as well as several high-volume prescribers that we identified present an opportunity for antimicrobial stewardship program outreach and consideration of strategies previously described, including peer comparison [27] . We did not examine specific provider factors beyond clinical service. However, previous studies have found that physician specialty, age or level of career, gender, patient volume, and country of training were associated with antibiotic prescribing for URIs [8, 9, 11, 28] .
Consistent with previous studies [8] , patients who presented with symptoms of sputum production or chest congestion were more likely to receive antibiotic prescriptions. We also found a weak association with fever, similar to other studies that demonstrated an association with magnitude generally lower than that of sputum production [8, 11, 12] . Although antibiotic prescribing may be warranted in some cases where these symptoms are present, this result identifies opportunities to clarify such nuances in clinical presentation through targeted education.
This study has several limitations. First, our results may not be generalizable to other hematology-oncology settings where outpatient viral diagnostic testing may not be readily available and the variation in physician culture across clinical services may differ. The high correlation we observed between clinical service and viral diagnostic testing limited our ability to separate these effects on antibiotic prescribing and may also be unique to our institution. Because most viral testing occurred within the BMT or hematology service, it is difficult to draw conclusions about the role of viral testing and antibiotic prescribing among solid tumor patients. Second, the modest sample size limited our ability to evaluate additional factors for associations with antibiotic prescribing. However, the smaller sample size enabled us to address the limitations of billing data by performing a detailed chart review to verify the ICD-10 diagnosis codes. Notably, nearly 20% of patients with ICD-10 codes consistent with URI had no chart documentation of URI symptoms. Larger studies that rely on diagnosis codes from billing data may be unable to account for these discrepancies. Finally, we did not formally review each antibiotic prescription for the URI to assess appropriateness. However, we chose diagnosis codes that correspond to conditions for which antibiotics would generally be considered inappropriate, which is consistent with the approach taken in other studies [3, [7] [8] [9] [10] [11] [12] [13] . In addition, we reviewed diagnoses of sinusitis and found that appropriate use [6, 29] in these cases contributed minimally to total antibiotic use in the cohort.
In conclusion, we found that nearly 1 in 3 patients seen at an ambulatory cancer center were prescribed antibiotics for URIs. Viral etiologies were identified in the majority of patients who were tested, and testing itself was associated with decreased antibiotic usage. Antibiotic prescription was not linked to subsequent URI-related healthcare visits. These findings highlight the need for further research to explore the role and cost-effectiveness of molecular respiratory viral testing in limiting unnecessary antibiotic use among hematology-oncology patients.
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